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(54) Information processing system and storage area aliocating method 



(57) A plurality of storages (201 , 202, 203) having 
respective attributes and a method for preserving data 
is provided in consideration of the attribute (perform- 
ance or cost) and the operation ratio of the storage and 
the using frequency of the data in the storage area net- 
work. The infomnation processing system of the inven- 
tion includes a location management unit (801 ) for man- 
aging a location of the data stored in the storage, an 
infonmation duplication unit (890) for duplicating the data 
between the storages, and an attribute preservation unit 
(80) for preserving infonmation for representing the at- 
tribute of each storage. The location management unit 
duplicates and moves the data between the storages by 
using the information duplication unit, based on the op- 
eration ratio of the storage, the access frequency of the 
data, the control information and the billing infonnation. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a technology s 
on use of a storage device (such as a disk array system, 
a hard disk, a tape library system or an optical disk li- 
brary unit) in an infonnation processing system, and 
more partlculariy to the technology on the use of a plu- 
rality of storage devices having respective characteris- 
tics in a plurality of controllers (computers). 
[0002] As a technology arranged so that a plurality of 
computers (controllers) may share a storage device, to- 
day, a storage area network is widely used. Before the 
storage area network, it is not considered that the file 
system software running in the computer system Is ar- 
ranged so that a plurality of computers may share one 
storage device. In a case that such file system software 
is shared in the storage area network environment, the 
data (Information) recorded in the storage device may 
be lost. USP5950203 describes the technology of over- 
coming this shortcoming. 

[0003] The foregoing prior art, however, discloses the 
technology on how a plurality of computers may share 
the storage devtee, while it does not disclose the way of 
using the storage system if the storage devices have 
respective attributes (performance, reliability, conserva- 
tion, cost per one capacity unit, and so forth). 
[0004] In this respect, the white paper of Tivoli Sys- 
tems Inc. "Vision, Tivoli Storage Management Solutions 
for the Infomnation Grid" introduces the technology on 
storage of data as using the storage devk;es with their 
respective attributes in a storage area network. Even 
this white paper, however, does not disclose the method 
of managing the attributes of the storage devices, the 
method of managing data in the location management 
unit, the method of billing a user for the storage of data, 
and so forth. 

[0005] On the other hand, there exists a business 
called a Storage Service Provider (SSP). The SSP pro- 
vides a storage fitted for each customer's request as an 
outsourcing. By entrusting the management of the stor- 
age onto the SSP, the customer enables to reduce the 
cost on preserving and managing the storage. The SSP 
needs to not only manage the storage volume but also 
respond to the perfonnance, the reliability, the cost and 
the endurance to failure requested by each customer. 
Further, the SSP itself needs to keep the performance 
and the reliability as well as reduce the cost on preserv- 
ing and managing the storage. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to pro- 
vide a method of preserving data by considering an at- 
tribute (performance or cost), an operation ratio, and a 
access frequency of data in a storage area network 
composing a plurality of storages having respective at- 



tributes, the method implemented by a business aspect 
such as a storage service provider. 
[0007] In carrying out the foregoing object, the infor- 
mation processing system according to the present in- 
vention Includes a location management unit for man- 
aging a location of data stored In a storage device (that 
will be basically referred simply to as a storage), an in- 
fonnation duplication unit for duplicating data from one 
storage to another, and an attribute preservation unit for 
preserving attribute infonnation for representing an at- 
tribute of each storage. This attribute preservation unit 
may be provided in each storage. Based on the attribute 
information preserved in this attribute preservation unit, 
the location management unit perfonns location man- 
agement for writing and reading data. 
[0008] Further, the location management unit pre- 
serves two or more pieces of location information of data 
con'esponding to a file name (data identifier for indicting 
where the infonnation is located) given from a computer. 
This makes It possible to preserve a plurality of data 
units In different storages with respect to one file name. 
[0009] Further, an operation ratio is also provided for 
measuring an operation ratio of the storage. The loca- 
tion management unit performs the location manage- 
ment of the data to be written, the location management 
of the written data, and the location management of the 
data to be read out on the basis of this operation ratio. 
This operation ratio measurement unit may be provided 
In each storage. 

[0010] Moreover, the location management unit pre- 
serves the access frequency of the data and the control 
infonnation thereof (rules of data duplication and data 
movement set by a user) corresponding with the file 
name given from the computer The control Information 
may be set on each data unit by the computer. It may 
be pre-set by the location management unit. 
[0011] Moreover, the location management unit pre- 
serves the movement and duplication histories of the 
data In con^espondence with the file name given from 
the computer Further, it preserves the price Infonnation 
in the attribute preservation unit. This makes it possible 
for the location management unit to duplicate and move 
the data from one storage to another through the use of 
the data duplication unit, based on the operation ratio of 
the storage, the access frequency of the data, the con- 
trol infonnation, or the price information, 
[0012] Moreover, the location management unit pre- 
serves a group ID of the data in con^espondence with 
the file name given from the computer. The location 
management unit perfonns the duplication and the 
movement of the data on the basis of the group ID. 
[0013] In addition, the computer provides a data ac- 
ceptance unit for accepting data to be transferred from 
the information duplteation unit and a storage for storing 
the accepted data. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 Is a block diagram showing a system accord- s 
ing to an embodiment of the invention; 
Fig. 2 is a table showing a conversion table; 
Fig. 3 is atable showing an areamanagementtable; 
Fig. 4 is a diagram showing a directory configura- 
tion; 

Fig. 5 is a flowchart showing a new writing process 
in the first embodiment of the invention; 
Fig. 6 is a flowchart showing a reading process in 
the first embodiment thereof; 
Fig. 7 is a flowchart showing a monitoring and mov- 
ing process perfomied by the location management 
unit in the first embodiment thereof; 
Fig. 8 is a flowchart showing a duplicating process; 
Fig. 9 is a flowchart showing a new writing process 
In the second embodiment; 
Fig. lOisaflowchartshowingaduplicatingprocess; 
Fig. 11 is a flowchart showing a reading process In 
the second embodiment; 

Fig. 1 2 is a flowchart showing a duplicating process; 
Fig. 1 3 is a flowchart showing a process of updating 
data in the second embodiment; 
Fig. 14 is aflowchart showing a duplicating process; 
Fig. 15 is a flowchart showing a process of reading 
data stored in the library system in the first embod- 
iment; and 

Fig. 1 6 is a flowchart showing a duplicating process. 

DESCRIPTION OF THE EMBODIMENT 

[0015] Hereafter, the first embodiment (with no cache) 
of the invention will be described with reference to the 
appended drawings. 

[0016] Fig. 1 shows a system configuration of the first 
embodiment. The present system includes three com- 
puters 1 01 , 1 02, 1 51 , three disk array systems 201 , 202, 
203, a library system 301, and a fibre channel switch 
. 501 . The computers 1 01 , 1 02, 1 51 , the disk array sys- 
tems 201 , 202, 203, and the library system 301 are con- 
nected to the fiber channel switch 501 through a fibre 
channel 50. The fibre channel switch 501 operates to 
set up a path between the components connected to the 
system or switch the path. The computers 101, 102, 151 
are connected with one another through an Ethernet 60. 
[0017] Later than the first embodiment, the second 
and the third embodiments will be described. The sec- 
ond and the third embodiments have the same config- 
uration as the first embodiment. Hence, those embodi- 
ments will be described with reference to Fig. 1 . In Fig. 
1 , the cache disk 90 and the data acceptance unit 91 
located in the computers 101 and 1 02 and an operation 
ratio measurement unit 82 located in the computers 1 01 . 
102, the disk array systems 201 , 202, 203, and the li- 
brary system 301 are specific to the system of the sec- 



ond embodiment. Hence, the disk measurement unit 82 
is not mentioned with respect to the first embodiment. 
Likewise, a client 70 is specific to the system of the third 
embodiment. Hence, it is not mentioned in the first and 
the second embodiments. 

[0018] In Fig. 1, a network arranged with the fibre 
channel 50 is generally called SAN (Storage Area Net- 
work). A network arranged with the Ethernet 60 is gen- 
erally called LAN (Local Area Network). In Fig. 1 , these 
two networks, the fibre channel 50 and the Ethemet 60, 
are used for arranging the system. The other networks 
may be used in place of these networks. The function 
of the Ethemet 60 may be covered by the fibre channel 
50. 

[0019] Of .the three computers, the computer 151 pro- 
vides the location management unit 801 of the data and 
the data duplication unit 890, which will be discussed 
below in detail. 

[0020] Next, the description will be oriented to the disk 
array system and the attribute preservation unit. In gen- 
eral, the disk an^ay system includes a plurality of hard 
disks and is served as a storage device with improved 
performance and reliabilrty through the effect of the 
RAID (Redundant Array of Inexpensive Disks). The per- 
formance and reliability of the disk anray system sub- 
stantially depends on the perfomnance and the number 
of the hard disks composing the disk array system and 
the RAID level. For example, the level called the RAIDO 
has a higher performance by distributing the data into a 
plurality of hard disks. However, if only one of the hard 
disks composing the RAIDO is failed, all the data may 
be lost. The level called RAIDS has a higher perform- 
ance by distributing the data into a plurality of hard disks 
and provides a higher reliability that even if only one of 
the hard disks composing the RAIDS is failed, the data 
may be restored by adding redundant data composed 
of a parity. The RAIDS is more Improved in reliability 
than the RAIDO, while it is lower in performance when 
writing the data. Moreover, the perfomnances of the 
RAIDO and RAIDS substantially depend on the number 
of the hard disks composing the RAID. 
[0021] In this embodiment, the disk array systems 201 
and 202 are composed by the RAIDO and the disk an'ay 
system 203 is composed by the RAIDS. Each disk array 
system provides the attribute preservation unit 80. The 
attribute preservation units 80 located in the disk array 
systems 201 and 202 serve to preserve the fact that the 
disk an^y system 201 and 202 are composed of the 
hard disks through the RAIDO, the cost per one unit vol- 
ume, the number of the hard disks composing the disk 
array system, and the perfomnance of the hard disk 
(such as the number of revolutions, the seek time, and 
the throughput). The attribute preservation unit 80 locat- 
ed in the disk array system 203 serves to preserve the 
fact that the disk array system 203 Is composed of the 
hard disks through the RAIDS, the cost per one unit vol- 
ume, the number of the hard disks composing the disk 
an^y system, and the performance of the hard disk 
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(such as the number of revolutions, the seek time and 
the throughput). Hence, the location management unit 
801 enables to easily grasp the performance and the 
reliability levels of the disk array system by picking up 
the attrib ute data from the attribute preservation unit 80. s 
As an implementation of the attribute preservation unit 
80, it is preferable to provide a nonvolatile storage lo- 
cated in the disk array system. For example, the at- 
tribute preservation unit 80 can be realized by the mem- 
ory for storing a device Identifier and device data. For 
picking up the data stored in the attribute preservation 
unit 80, it is possible to use an INQUIRY command or a 
MODE SENSE command defined by the SCSI (Small 
Computer System Interface). 

[0022] Then, the description will be oriented to the li- 
brary system and the attribute preservation unit. In this 
embodiment, the library system 301 includes two 
DVD-RAM drives 30, four shelves 31 that may store me- 
diums, and one conveyance unit 32 for conveying a me- 
dium between the drive 30 and the shelf 31 . However, 
the present Invention does not rely on the number of the 
drives, the number of the shelves, the number of the 
conveyance units, and so forth located in the library sys- 
tem. Further, the present Invention may be composed 
of two or more library systems. In this embodiment, each 
of the four shelves 31 may store one DVD-RAM medi- 
um. The library system 301 serves to convey the medi- 
um specified by the instruction given from the computer 
from one drive to another, from one drive to a shelf, and 
from one shelf to another through the effect of the con- 
veyance unit 32. 

[0023] In order to read the data recorded on the me- 
dium stored in the library system 301 , at first, the com- 
puter operates to instruct the library system to convey 
the medium on which the data to be read is recorded 
from the shelf to the drive. Then, the computer waits for 
a report on temnination of the conveyance from the li- 
brary system 301 and then instructs the drive 30 to read 
the data thereout. As mentioned Just above, it takes a 
conveyance time of the medium by the conveyance unit 
32 plus the time passed until the target data is to be read 
(that is mainly a spin-up time passed until the medium 
reaches the readable number of revolutions) to read the 
target data out of the medium. Assuming that this time 
is about ten seconds, the difference of the reading time 
between the library system 301 and the disk array sys- 
tem 201 , 202 or 203 is three digits or more because the 
time taken to read the target data by the disk array sys- 
tem 201 , 202 or 203 Is several milliseconds. 
[0024] In this embodiment, the library system 301 pro- 
vides the attribute preservation unit 80 as well. The at- 
tribute preservation unit 80 located in the library system 
301 preserves the fact that the library system is com- 
posed of a DVD-RAM drive, the cost per a unit volume, 
the conveying time, the number and the type of the 
drives 30 mounted in the library system 301, the 
number, the types and the lives of the mediums, and the 
performance of the drive (such as the number of revo- 



lutions, the seek time, and the throughput). The attribute 
preservation unit 80 may be preferably realized by the 
nonvolatile storage located in the library system 301 . 
[0025] Next, the description will be oriented to the lo- 
cation management unit and the conversion table. 
[0026] The computer 151 provides the location man- 
agement unit 801 . Concretely, the location management 
unit 801 is mounted as software to be executed in the 
computer 151. The location management unit 801 is 
served to communicate with the computer 101 or 102 
through a LAN 60. The protocol used for the communi- 
cation is not so much defined. For example, the TCP 
(Transmission Control Protocol) or the UDP (User Dat- 
agram Protocol) may be used. When the location man- 
agement unit 801 accepts a file name from the computer 
1 01 or 1 02, the unit 802 operates to lock the file data of 
the file data if necessary and then report the location of 
the target data to the computer 151 . For this operation, 
the conversion table 811 Is prepared in which the file 
names correspond with the location data of the data. 
[0027] Fig. 2 shows the composition of the conversion 
table 811. The conversion table 811 is stored in the 
memory of the host computer 151. The conversion table 
811 provides the fields of a write bit, a read count, control 
infonnation, two or more location data units, and a file 
history for one file name. (The group ID will be discussed 
below.) Each location data includes an effective bit, a 
storage number, a medium number, a LBA (Logical 
Block Address), and a data length. In this embodiment, 
a WWN (Worid Wide Name) is used for the storage 
number. The WWN is a number allocated to a fibre chan- 
nel adapter. In this embodiment, the WWN of the disk 
array system 201 is "201", the WWN of the disk an-ay 
system 202 is "202", the WWN of the disk array system 
203 is "203", and the WWN of the library system 301 is 
"301 The medium number is effective only if the target 
storage is the library system. It stores the number of the 
medium (or the number of the shelf) where the target 
data is stored. As the LBA Is used a logical block ad- 
dress at which the data is stored. The logical block is a 
minimum unit for storing the data to be managed by the 
storage. For the disk an^ay. In general, it may store data 
of 512 bytes. For the DVD-RAM medium, in general, it 
may store data of 2048 bytes. The logical block address 
means a number allocated to the logical block. The lo- 
cation data is effective only if the effective bits of the 
location data are set. 

[0028] Next, the description will be oriented to the lo- 
cation management unit and an area management ta- 
ble. The location management unit 801 provides an area 
management table 812. Fig. 3 shows one example of 
the area management table 812. The area management 
table 812 Is prepared for each disk array system In the 
case of the disk array system 201 , 202 or 203 or for each 
medium in the case of the library system 301 . The area 
management table 812 Is a table that indicates which of 
the logical blocks is used in the system or the medium, 
in the table, one bit is allocated to one logical block. That 
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is, if the bit corresponding to the logical block is "1 the 
data has been already located in the logical block. If it 
Is "0", the logical block is not used. The area manage- 
ment table 81 2 is stored in the memory of the computer 
151. 

[0029] Then, the description will be oriented to the 
new writing process. Fig. 5 is a flowchart showing a 
process of newly writing data in the storage. This proc- 
ess corresponds to the case that the user of the com- 
puter 101 newly creates a document with an application 
program like a wordprocessor and saves It at first 
(5000). 

[0030] The file system 10 of the computer 101 re- 
quests the location management unit 801 of the compu- 
ter 1 51 to allocate a new area to the data called the file 
name "AAA" through the Ethernet 60 (5001), At this 
time, the computer 1 01 adds as numeric values the data 
length of the data "AAA" (the data "AAA" means the en- 
tity data of the file of the file name "AAA") as well as the 
control Infomfiation for indicating how the data "AAA" is 
stored. The control infonnation includes "fast", "highly 
reliably", "at longtenn", "inexpensively", "for a disaster", 
"temporarily", "in parallel", and "portably", and so forth. 
They may be set at a time or exclusively. Herein, it is 
assumed that the "highly reliably" is specified. 
[0031 ] The location management unit 801 operates to 
seek one empty line from the conversion table 811 
(5002), set the write bit to "1" (5003), declare the start 
of the write, and then write the file name (5004). Herein, 
it is assumed that the first (#1 ) location data of the con- 
version table 811 is secured (5005). Herein, assuming 
that a sufficient empty area is secured in all the storages 
(5006, 5007), the location management unit 801 ena- 
bles to obtain the allocable location from all the storag- 
es. The location management unit 801 enables to obtain 
the attribute data of the storage from the attribute pres- 
ervation unit 80 of each storage (5008). The location 
management unit 801 operates to select the disk array 
system 203 composed of the RAID5 from the three disk 
array systems based on the control infonnation "highly 
reliably" pointed by the computer 101 (5009), change 
the LBA of the corresponding area management table 
812 into the allocated (501 0), and report the lociation da- 
ta to the computer 101 (5011). 
[0032] In response to the report of an empty area, the 
file system 1 0 of the computer 1 01 operates to issue to 
the disk an^ay 203 the write command for writing the data 
on a specified empty area (5012), and then to write the 
data on the empty area (501 4). The Issuance of the write 
command and the transfer of the data to be written are 
carried out through the fibre channel 50. When the file 
system 1 0 of the computer 1 01 accepts the report on 
the completion of the write from the disk array system 
203 (5015), the file system 10 operates to report the 
completion of the write to the location management unit 
801 of the computer 151 (5016). 
[0033] In receipt of the report on completion of the 
write, the location management unit 801 operates to 



write the WWN, the LBA and the data length of the disk 
array system 203 in the corresponding location data of 
the conversion table 801 , herein, the first location data 
(501 7) and then to set the effective bit to "1 " (501 8). By 

5 this operation, it Is indicated that the first location data 
is effective. In this case, since the data is written in the 
disk array system, it is not necessary to put the value 
into the medium number. Further, the new creation and 
the date thereof are written in the file history (5019). 

10 Lastly, the write bit is set to "0" (5020) and then the write 
is completed (5021). In receipt of the report on comple- 
tion of the write from the location management unit 801 , 
the file system 1 0 operates to report the completion of 
the write to the application (5022). By this report, the 

15 save of the new document from the application is com- 
pleted (5023). 

[0034] In the processing step 5006 of the flowchart 
shown in Fig. 5, if no allocable area is left, the writing 
process is failed (5098, 5099). Further, if in the process- 
20 ing step 5006 the allocable area is left but in the process- 
ing step 5007 no area is left in the plurality of storages, 
the operation goes to the processing step 5010. 
[0035] Then, the description will be oriented to the 
reading process. Fig. 6 is a flowchart showing the proe- 
ms ess for reading data from the storage in the present sys- 
tem. This process corresponds to the fact that the user 
of the computer 101 reads the previously saved docu- 
ment through the application program like a wordproc- 
essor (6000). 

30 [0036] The file system 10 of the computer 101 re- 
quests the location management unit 801 to read the 
data of the file name "AAA" through the Ethernet 60 
(6001). The location management unit 801 operates to 
select the row for the file name "AAA" from the conver- 
ts sion table 81 1 (6002) and then make sure that the write 
bit is "0" (6003). If the write bit is "1", it means that an- 
other application program (that may be an application 
program of another computer) is using the data "AAA". 
Hence, the data cannot be read out (6098, 6099). 
40 [0037] Then, the read count is incremented (by 1) 
(6004) and then the location data having the data "AAA" 
is reported to the computer 101 (6007). if the location 
data contains only one data unit for "AAA", that location 
data has to be reported. If two or more location data units 
45 for "AAA" are contained, the most approximate location 
data to the computer 1 01 (for example, which portion of 
the data is the fastest reading spot) is selected (6006). 
Then, the selected location data unit is reported to the 
computer 101 (6007). Herein, it Is the location data of 
50 the data "AAA" written in the foregoing new write. 
[0038] In receipt of the report on the location informa- 
tion (WWN, LBA, data length), the file system 10 of the 
computer 101 operates to issue a read command to the 
disk an-ay system 303 (6008) and then read the data 
55 from the disk array system 303 (6009). This Issuance of 
the read command and the transfer of the read data are 
candied out through the fibre channel 50. When the file 
system 10 of the computer 101 receives the report on 
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completion of reading the data from the disk array sys- 
tem 203 (601 0), the file system 1 0 operates to report the 
completion of reading the data to the location manage- 
ment unit 801 of the computer 161 (6011), 
[0039] In receipt of the report on completion of reading 
the data, the location management unit 801 operates to 
write the final access date and time in the file history 
(6012) and then decrement the read count by 1 (6013). 
If the read count is 0, it means that none refers to the 
data "AAA". Unless It is 0, it means that the data "AAA" 
is being read out. When the file system 10 accepts the 
report on completion of reading the data from the loca- 
tion management unit 801 (601 4), the file system 1 0 op- 
erates to report the completion of reading the data to the 
application program (6015). This results in completing 
the operation of reading the document being executed 
by the application program (601 6). 
[0040] Then, the description will be oriented to the 
change of the control information. The user enables to 
refer to the set control information or reset It by using 
the utility prepared on the computer 1 01 or 1 02. Herein, 
the change of the control Information of the pre-written 
data "AAA" is described as an example. When the user 
requests the utility to reset the control infomiation, the 
file system 1 0 operates to request the location manage- 
ment unit 801 to read out the control infonnation. The 
location management unit 801 operates to read the con- 
trol information of the data "AAA" from the conversion 
table 811 and then report it to the file system 10. In re- 
ceipt of the control infomiation, the file system 1 0 oper- 
ates to report the control infomiation to the utility. Herein, 
it is assumed that the location management unit 801 
reads the preset control infomiation of "highly reliably". 
[0041] Then, when the userchanges the control Infor- 
mation from "highly reliably" into "Inexpensively", the file 
systehn 10 requests the location management unit 801 
to write the control information. The location manage- 
ment unit 801 operates to change the control infomia- 
tion for the data "AAA" of the conversion table 81 1 into 
"inexpensively" and then report the completion of the 
change to the file system 1 0. The file system 10 oper- 
ates to report the completion of the change to the utility 
and then the change of the control infomiation is temni- 
nated. 

[0042] In turn, the description will be oriented to the 
monitoring and the movement executed by the location 
management unit 801. Figs. 7 and 8 are flowcharts 
showing the process of monitoring and moving the data 
to be executed by the location management unit 801 . 
Herein, the movement of the data "AAA" from the disk 
array system 203 to the library system 301 will be de- 
scribed as an example. The location management unit 
801 iteratlvely retrieves the conversion table 811 at a 
certain period (7000). As to the data "AAA" whose con- 
trol infomiation is changed from "highly reliably" into "In- 
expensively", the change is found at this periodical cycle 
(7001). The location management unit 801 operates to 
compare the final access date and time of this data with 



the current date and time (7002) for the purpose of 
checking if a certain period of time (for example, 90 
days) is passed (7003). If a certain time of length is 
passed, the target data "AAA" is moved into the storage 
5 with a lower bit cost. In this embodiment, assuming that 
the preservation cost of the disk array system 201 or 
202 is "1 0", the preservation cost of the disk anray sys- 
tem 203 is "15", and the preservation cost of the library 
system 301 is "1", the location management unit 801 
operates to reduce the preservation cost of the data by 
moving the data "AAA" to the library system 301 . 
[0043] Then, the location management unit 801 oper- 
ates to make sure that the write bit is "0" (7004) and the 
read count is "0" in the conversion table 81 1 (7005), set 
the write bit to "1 " (7006), refer to the area management 
table 812. and then retrieve a required area for storing 
the data "AAA" from the medium of the library system 
301 . In this embodiment, the process is executed to ob- 
tain the attribute data of the attribute preservation unit 
80 (7007), select the storage with a lower data preser- 
vation cost based on the attribute data (7008), and allo- 
cate a new area to the selected storage (7009). 
[0044] If an empty area where the data "AAA" is to be 
stored is found (7010), the location management unit 
801 operates to change the LBA of the corresponding 
area management table 812 into the allocated (7011) 
and then request the information duplication unit 890 to 
duplicate the data "AAA" (8000). In this embodiment, the 
infomiation duplication unit 890 is provided in the com- 
puter 1 51 . In place, it may be located In the fibre channel 
switch 501 or another instrument to be connected with 
the fibre channel switch 501 . 

[0045] Fig. 8 shows the duplicating process to be ex- 
ecuted by the Information duplication unit 890. The du- 
plication unit 890 operates to issue to the library system 
301 a conveyance instruction for conveying a medium 
with an empty area found therein to the drive 30 (8002). 
If the target medium Is located In the drive, It Is not nec- 
essary to convey the medium (8001 ). The conveyance 
unit 32 operates to convey the specified medium form 
the shelf where it is stored into the specified target drive 
(8003, 8004). Then, the infomiation duplication unit 890 
operates to issue the read command to the disk an^ay 
system 203 where the data "AAA" has been already writ- 
ten (8006), read the data from the disk array system 
(8007, 8008), issue the write command to the drive to 
which the conveyed medium is mounted (8009), and 
write the data In the medium (8010, 8011). Upon com- 
pletion of the write command, the information duplica- 
tion unit 890 operates to report the completion of dupli- 
cation to the location management unit 801 (8012). 
[0046] Returning to Fig. 7, in receipt of the report on 
completion of the duplication, the location management 
unit 801 operates to write the WWN of the library system 
301 , the medium number, the LBA, and the data length 
in an empty row of the conversion table 81 , herein, the 
second location information thereof (7013) and then set 
the effective bit to "1" (7014). Then, the location man- 
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agement unit 801 operates to nullify the first location In- 
fomfiatlon by setting the effective bit of the first location 
information to "0" and then put into nonuse the LBA of 
the area nnanagement table 812 corresponding to the 
first location Infonnation. Lastly, the location manage- 
ment unit 801 operates to write the date and time of the 
movement in the file history and to set the write bit to 
"0", and the movement is completed (7016). 
[0047] After the data "AAA" is moved, for example, if 
the computer 102 requests to read the data "AAA", the 
location management unit enables to correctly report 
the location of the data "AAA" stored in the library 301 . 
This is because the location management unit 801 man- 
ages the location information of the conversion tabie.811 
in a unified way. It is not necessary to report the move- 
ment of the data from the disk array system 203 to the 
library system 301 to the computers 101 and 102. 
[0048] If the data "AAA" includes the control infonna- 
tion "highly reliably" in addition to "inexpensively", the 
location management unit 801 retrieves two mediums 
for an empty area and then moves the data to the me- 
diums. As a result, if one medium is failed so that no 
data can be read or if one medium is lost, the data can 
be read, so that the control can be executed "highly re- 
liably". 

[0049] Then , the description will be oriented to the ref- 
erence to the data stored in the library system 301 . Figs. 
15 and 16 are flowcharts showing a process of reading 
the data "AAA" stored in the library system 301 . For ex- 
ample, it is assumed that after the data "AAA" is moved 
from the disk array system 203 into the library system 
301 , the computer 1 02 requests to read the data "AAA" 

(15000) . The file system 10 of the computer 102 re- 
quests the local management unit 801 to read the data 
with the file name "AAA" through the Ethernet 60 

(15001) . 

[0050] The location management unit 801 selects the 
row corresponding to the file name "AAA" from the con- 
version table 811 (15002), makes sure that the write bit 
is "0" (15003), increments the read count, and then 
starts the reading process (15004). The local manage- 
ment unit 801 operates to retrieve the disk array system 
201 for an empty area where the data "AAA" Is to be 
stored (1 5005) . If an empty area Is found, the local man- 
agement unit 801 operates to change the con-esponding 
LBA of the area management 812 into the allocated 
(15006) and requests the infonnation duplication unit 
890 to duplicate the data "AAA" from the library system 
301 to the disk array system 201 (1 6000). 
[0051] Fig. 1 6 shows the duplicating process execut- 
ed by the infonnation duplication unit 890. The infonna- 
tion duplication unit 890 operates to instruct the library 
system 301 to convey the medium where the data "AAA" 
is stored into the drive 30 (16002). If the medium where 
the data "AAA" is stored has been already mounted Into 
the drive, It is not necessary to convey the medium 
(1 6001 ). The conveyance unit 32 operates to convey the 
medium from the shelf where the specified medium is 



stored into the specified target drive (16003, 16004). 
Then, the duplication unit 890 waists until the medium 
having been conveyed to the drive is made readable 
(1 6005), issues the read command to the library system 

5 301, reads the data from the system 301 (16007, 
1 6008), issues the write command to the disk array sys- 
tem 201 (16009), and writes the data in the disk array 
system 201 (16010, 16011). Upon completion of the 
write command, the duplication unit 890 operates to re- 

10 port the completion of the duplication to the location 
management unit 801 (16012). 
[0052] Retuming to Fig. 15, in receipt of the report on 
completion of the duplication, the location management 
unit 801 operates to write the WWN, the LBA and the 

IS data length of the disk array system 201 in an empty 
location information row of the conversion table 811 
((15007), set the effective bit to "1" (15008), and then 
report this location infonnation into the file system 1 0 of 
the computer 102 (15009). 

20 [0053] In receipt of the location infomnation (WWN, 
medium number, LBA, and data length), the file system 
1 0 of the computer 1 02 operates to issue the read com- 
mand to disk array system 201 (15010) and read the 
data from the system 201 (15011, 15012). When the file 

25 system 1 0 of the computer 1 02 accepts the report on 
completion of reading the data from the disk an-ay sys- 
tem 201 , the file system 1 0 operates to report the com- 
pletion of reading the data to the location management 
unit 801 of the computer 151 (15013). In receipt of the 

30 report on conhpletion of reading the data, the location 
management unit 801 operates to write the final access 
date and time and the duplicating date and time in the 
file history of the conversion table 811 (15014), decre- 
ment the read count (15015), and then complete the 

35 reading operation (15016, 15017, 15018). 

[0054] In this case, even if the control infonmation of 
"highly reliably" is assigned to the data "AAA", the file 
"AAA" is not required to be dupltoated into the disk anray 
203 composed of the RAIDS. This is because the data 

40 is held in two spots of the library system 301 and the 
disk array system 201 of the RAIDO. 
[0055] Herein, If the location management unit 801 
makes sure that the duplicated data on the disk array 
system 201 Is not accessed for a given length of time, 

45 the management unit 801 operates to reset the effective 
bit of the location infonnation to "0". In this case, the LBA 
of the area management table 81 2 corresponding to this 
location infonnation is returned Into the nonuse mode. 
[0056] Next, the description will be oriented to the var- 

50 lation of the control information. The two control infor- 
mations "inexpensively" and "highly reliably" have been 
theretofore described. In the following, the description 
will be oriented to the operation in the case that another 
control information is set. 

55 [0057] If the control infonmation of "fast" is given, the 
data is recorded in two spots, that is, the RAIDO disk 
array systems 201 and 202. Since the RAIDO is inferior 
in reliability to the RAID5, the reliability can be main- 
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tained by recording the data in the two RAIDO disk array 
systems. If the control infonnatlon of "temporarily" is 
added together with the control information of "fast", the 
data is recorded on just one BAIDO disk array system. 
[0058] If the control information of "at long temi" is giv- 
en, the data Is recorded In a removable optical recording 
medium such as a DVD-RAM medium. It is reported that 
the DVD-RAM medium may be stored for thirty years. 
The DVD-RAM medium lends itself to saving the data 
for a longer time than the hard disk. If the control Infor- 
mation of "highly reliably" is given in addition to the con- 
trol Infomriation of "at long term", the data is recorded on 
two mediums. Further, if the control information of "fasr 
Is given in addition to the control infonnatlon of "at long 
term", the data is recorded In the disk aray system. The 
data recorded in the disk array system Is served as a 
cache for the library system with a slow access speed. 
[0059] If the control information of "for a disaster" is 
given, the data is duplicated in the recording device In- 
stalled in a remote place. In this case, the attribute data 
holds the installing place of the storage, and the location 
management unit 801 records the data in two recording 
devices installed in different places. For example, as- 
suming that the installing place of the disk array system 
201 is Tokyo", the installing place of the disk array sys- 
tem 202 is "Yokohama", and the installing place of the 
disk array system 203 is "Osaka", the location manage- 
ment unit 801 grasps the geographical relation of the 
installing places and records the data in two places, that 
is, the disk array system 201 located in "Tokyo" and the 
disk an^ay system 203 located in "Osaka". When a dis- 
aster like an earthquake takes place, the fact that the 
distance between Tokyo and Yokohama is not for a dis- 
aster is pre-set in the location management unit 801 . 
[0060] The connecting distance of the fibre channel 
50 is 10 km at maximum. In order to connect Tokyo and 
Yokohama with Osaka, It Is necessary to convert the fi- 
bre channel 50 into another network like the ATM (Asyn- 
chronous Transfer Mode) 51 . 

[0061] If the control infomriation of "in parallel" is giv- 
en, the data Is recorded In two places, that Is, the disk 
an-ay systems 201 and 202. The data recorded In the 
disk an'ay system 201 is dedicated to the computer 1 01 , 
and the data recorded In the disk array system 202 is 
dedicated to the computer 1 02. The location manage- 
ment unit 801 operates to determine which of the com- 
puters having requested to read the data and report the 
corresponding location Information. 
[0062] If the control infomriation of "portably" is given, 
the data Is recorded in the library system 301 from which 
the medium may be removed. At a time, the group ID 
(see Fig. 2) Is added to the control Information and then 
the result infonnatlon Is supplied to the location man- 
agement unit 801 . By this operation, the location man- 
agement unit 801 operates to record the data so that the 
data sets having the same group ID may be gathered 
on one medium. For treating the control information of 
"portably", It Is necessary to secure the area for holding 



the group ID in the conversion table 811 . 
[0063] Further, the aforementioned embodiments 
have been requested to give the control infonmation 
when the data is newly written. Of course, the control 
5 Information may be changed on the way through the util- 
ity. In the following, another way of giving the control In- 
formation will be described. 

[0064] Fig. 4 shows an example of a directory stnjc- 
ture. The computer system often utilizes the directory 

10 structure forflle management. This is because grouping 
the files in folders makes it easier for the user to retrieve 
the file. For example, in the configuration shown in Fig. 
4, a route folder 1 as a start point has two subfolders 2 
and 3. The subf older 3 has two subfolders 4 and 5. As- 

is suming that the data "AAA" Is saved in this folder 4, the 
data "AAA" Is "1/3/4/AAA". This type of directory Is con- 
figured so that the basic control Information Is pre-set to 
the folder and the control information is succeeded to 
the files and the subfolders saved in the folder. For ex- 

20 ample, if "no control infonnatlon" is given to the folder 
1, "fast" Is given to the folder 2, and "highly reliably" Is 
given to the folder 3, these control informations are suc- 
ceeded to the files stored in these folders, respectively. 
Further, if the folders 4 and 5 are created in the folder 

25 3, the control information of "highly reliably" of the folder 

3 is automatically given to the folders 4 and 5. In place, 
' the new control information may be given to the folders 

4 and 5 without succeeding the control infomriation of 
the folder 3. If the control information of "at long tenn" 

30 is added to the folder 4, it means that the data "AAA" 
held in the folder 4 holds "highly reliably" and "at long 
temn" as the default control Infonnation. 
[0065] Further, by changing the control Information of 
the folder 3, it is possible to change all the control infor- 
ms mations of the folders and the files following the folder 
3 at a batch. When the data "AAA" Is moved from the 
folder 4 to the folder 2, it is possible to maintain the con- 
trol infonmation held In the data "AAA" as well as give 
the folder 2 the new control infonnation. In this embod- 
40 iment, all the settings on the succession of the control 
Infonnation may be set to the local management unit 
801. 

[0066] According to the system of the foregoing em- 
bodiment, the local management unit operates to select 

45 the proper storage among the storages shared by a plu- 
rality of computers through the use of the attribute data 
held in the attribute preservation unit and the control In- 
fonnatlon set to the data and then to hold the data In the 
selected storage. Since the location management unit 

50 holds a plurality of location infonnations for recording 
the data, the location management unit enables to 
record the data In a plurality of storages and record the 
data according to the various control Informations set by 
the user. All the locations of the data are uniquely man- 

55 aged by the location management unit. Hence, each 
time the data is moved and copied, the location man- 
agement unit is not required to report the process to the 
plurality of computers. 
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[0067] In turn, the description will be oriented to the 
second embodiment of the invention (with a cache). 
[0068] Fig. 1 shows a system configuration of the sec- 
ond embodiment. The difference of the second embod- 
iment from the first embodiment Is the respects of pro- s 
viding the cache disk 90 and the information acceptance 
unit 91 in the computer 101 and 102 and providing the 
operation ratio measurement unit 82 in the computers 
1 01 , 1 02, the disk array systems 201 , 202, 203, and the 
library system 301. The cache disk 90 provided In the 
computer 101 and 102 is arranged to be recognized as 
a hard disk having one WWN by the file system 10 and 
the fibre channel switch 501 . 

[0069] Then , the operation ratio measurement unit 82 
will be described below. The operation ratio measure- 
ment unit 82 located in the computer operates to meas- 
ure the processing performance of the cache disk 90. 
The operation ratio measurement unit 82 located in the 
disk array systems 201 , 202 and 203 operates to meas- 
ure the processing perfomriance of each disk array sys- 
tem. The processing perfomnance in this embodiment 
means an average processing time needed for reading 
or writing the data. If the average processing time is 
made longer in a certain storage, it indicates that the 
accesses are focused on the storage. The operation ra- 
tio measurement unit 82 located In the library system 
301 operates to measure the access frequency for each 
medium. 

[0070] Next, the location management unit 801 will be 
described below. Like the first embodiment, the location 
mariagement unit 801 of the second embodiment uses 
the conversion table 811 shown in Fig, 2 as well. The 
area management table 812 manages the disk array 
systems 201 , 202, 203 and the medium mounted in the 
library system 301 as well as the empty areas of the 
cache disks 90 located in the computers 1 01 and 1 02. 
[0071] Then, the new writing process will be de- 
scribed below. Figs. 9 and 10 are flowcharts showing 
the process of newly writing the data in the storage. The 
file system 10 of the computer 101 operates to request 
the location management unit 801 of the computer 151 
to allocate a new area to the data with the file name 
"AAA" (9001 ). The location management unit 801 oper- 
ates to seek one empty row of the conversion table 81 1 
(9002), declare the start of the write by setting the write 
bit to "1" (9003), and then write the file name (9004), 
Herein, It is assumed that the first location Information 
of the conversion table 81 1 1s written. The cache disk 90 
of the computer 1 01 retrieves the area required for stor- 
ing the data "AAA" by using the area management table 
812 (9005). Herein, assuming that an empty area is suf- 
ficiently secured, the allocable location can be obtained. 
The location management unit 801 operates to change 
the LBA of the corresponding area management table 
812 into the allocated (9006) and then report the location 
infomiation to the computer 101 (9007). 
[0072] In receipt of the report on the empty area, the 
file system 1 0 of the computer 1 01 operates to Issue the 



write command for writing the data in the specified emp- 
ty area to the cache disk 90 of the computer 1 01 (9008). 
This write is processed within the same computer, so 
that it is quite fast (9009). When the file system 1 0 ac* 
cepts the report on completion of the write from the 
cache disk 90 (901 0) , the file system 1 0 reports the com- 
pletion of the write to the location management unit 801 
(901 1 ). In receipt of the report on completion of the write, 
the location management unit 801 operates to write the 
WWN, LBA and the data length of the cache disk 90 of 
the computer 1 01 in the first location Information of the 
conversion table 81 1 (901 2), and set the effective bit to 
"1"(9013). 

[0073] Then, the location management unit 801 oper- 
ates to obtain the operation ratios from the cache disk 
90 on the computer except the computer 101 and the 
operation ratio measurement unit 82 located in the disk 
array systems 201 , 202 and 203 (9014), select the stor- 
age with the lowest operation ratio (9015), and then re- 
trieve an empty area. Herein, assuming that the disk ar- 
ray system 201 has the lowest operation ratio, the disk 
array system 201 is retrieved for the area required for 
saving the data "AAA". If the empty area for saving the 
data "AAA" Is found (901 6), the location management 
unit 801 operates to change the LBA of the correspond- 
ing area management table 812 into the allocated 
(9017) and request the information duplication unit 890 
to duplicate the data "AAA" (10000). 
[0074] Fig. 10 shows the duplicating process per- 
formed by the information duplication unit 890. The in- 
formation duplication unit 890 operates to Issue the read 
command to the cache disk 90 of the computer 101 
where the data "AAA" has been already written through 
the infonnation acceptance unit 91 (1 0001 ), read the da- 
ta "AAA" (10002, 10003), issue the write command to 
the disk array system 201 (10004), and write the data 
in the system 201 (10005, 10006). Upon completion of 
the write command, the information duplication unit 890 
reports the completion of the duplication to the location 
management unit 801 (10007). 
[0075] Retuming to Fig. 9, In receipt of the report on 
completion of the duplication, the location management 
unit 801 operates to write the Infonnation of the WWN, 
the LBA and the data length of the disk array system 
201 in an empty row of the conversion table 81 1 , herein, 
the second location infomiation (9019), and then set the 
effective bit to "1" (9020). Then, the new creation and 
its date and time and the duplicating date and time are 
written in the file system (9021), Lastly, by setting the 
write bit to "0" (9022), the write is completed (9023, 
9024, 9025). 

[0076] Then, the reading process will be described 
below. Figs. 11 and 12 are flowcharts for illustrating the 
process of reading data from the storage. In the forego- 
ing writing process, the data "AAA" is located on the 
cache disk 90 of the host computer 101 and the disk 
array system 201. Herein, if the host computer 102 
reads out the data "AAA" (11 000), the file system 1 0 of 
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the host computer 102 requests the location manage- 
ment unit 801 to read the data with the file name "AAA" 
through the Ethernet 60 (1 1 001 ). The location manage- 
ment unit 801 operates to select the corresponding row 
to the file name "AAA" from the conversion table 811 5 

(11002) , make sure that the write bit does not rise 

(11003) , and increment the read count (11004). 
[0077] Next, the location management unit 801 oper- 
ates to obtain the operation ratios from the cache disk 
90 of the host computer and the operation ratio meas- 
urement unit 82 of the disk array system 201 where the 
data "AAA" is stored (1 006) and then select the storage 
with the lowest operation ratio (11007). Herein, it is as- 
sumed that the cache disk 90 of the computer 1 01 has 
the lowest operation ratio. The location management 
unit 801 operates to retrieve the area management table 
81 2 for the area required for storing the data "AAA" from 
the cache disk 90 of the computer 1 02 (1 1 008). Herein, 
it is assumed that the empty area can be sufficiently se- 
cured. It means that the allocable location can be ob- 
tained. The location management unit 801 operates to 
change the LBA of the corresponding area management 
table 812 into the allocated (11 009) and request the In- 
fomiation duplication unit 890 to copy the data "AAA" 
from the cache disk 90 of the computer 1 01 to the cache 
disk 90 of the computer 1 02 (1 2000). 
[0078] Fig. 1 2 shows the duplicating process to be ex- 
ecuted by the infomnation duplicating unit 890. The in- 
formation duplication unit 890 operates to issuethe read 
command to the cache disk 90 of the computer 1 01 
where the data "AAA" has been already written (12001 ), 
read the data from the cache disk 90 (12002, 12003). 
Issue the write command to the cache disk 90 of the 
computer 102 (12004), and write the data in the cache 
disk (12005, 12006)" Upon completion of the write com- 
mand, the infomnation duplication unit 890 operates to 
report the completion of the duplication to the location 
management unit 801 (12007), 
[0079] Returning to Fig. 11 , in receipt of the comple- 
tion of the duplication from the information duplication 
unit 890, the location management unit 801 operates to 
write the WWN. the LBA, and the data length of the 
cache disk 90 of the host computer 1 02 in the empty row 
of the conversion table 81 1 , herein, the third location in- 
formation (1 1 011 ) and set the effective bit to "1 "(11012). 
The location management unit 801 operates to write the 
duplicating date and time in the file history (11013). The 
location Infomnation of the cache disk 90 of the host 
computer 1 02 where the data "AAA" is entered is report- 
ed to the computer 102 (11014). 
[0080] In receipt of the report on the location infonna- 
tion (WWN, LBA, data length), the file system 10 of the 
computer 102 operates to issue the read command to 
the cache disk 90 of the computer 1 02 (1 1 015) and then 
read the data from the cache disk 90 (11016). When the 
file system 10 accepts the report on completion of read- 
ing the data from the cache disk 90 (1 1017), the file sys- 
tem 1 0 operates to report the completion of reading the 



data to the location management unit 801 of the com- 
puter 151 (11018). When the location management unit 
801 accepts the report on the completion of reading the 
data, the location management unit 801 operates to 
write the final access date and time in the file history 
(11019), and decrement the read count (11020), and 
then completes the reading operation (11021, 11022, 
11023). 

[0081] Then, the description will be oriented to the 
process of updating the data. Figs. 13 and 14 show the 
flowcharts for illustrating the process of overwriting the 
data for update. In the foregoing writing and reading 
processes, the data "AAA" is resident in three places, 
that is, the cache disks 90 of the host computers 101 
and 102 and the disk array system 201 . Herein, if the 
host computer 1 02 updates the data "AAA" (1 3000), the 
file system 1 0 of the host computer 1 02 operates to re- 
quest the location management unit 801 to update the 
data with the file name "AAA" (13001) through the Eth- 
ernet 60 (13001). The location management unit 801 
operates to select the corresponding row to the file 
name "AAA" from the conversion table 81 1 (1 3002) and 
then make sure that the write bit is "0" and the read count 
is "0" (13003, 13004). Unless the write bit is "0" or the 
read count is "0", it means that the update is failed 
(13090, 13091. 13098, 13099). 
[0082] Next, the location management unit 801 de- 
clares the start of the update by setting the write bit to 
"1" (13005). If the data "AAA" has a longer data length, 
it is necessary to retrieve an empty area using the area 
management table 812 again (13006, 13007). Herein, 
the data length is constant. The location management 
unit 801 operates to report to the file system 10 of the 
computer 1 02 the third location information (that indi- 
cates the data "AAA" located in the cache disk 90 of the 
computer 102) (13008). 

[0083] In receipt of the report on the location infomia- 
tion, the file system 1 0 of the computer 1 02 operates to 
Issue to the cache disk 90 of the computer 1 02 the write 
command for writing the data on the specified location 
(13009). The cache disk 90 of the computer 102 oper- 
ates to write the data (1 301 0) and report the completion 
of writing the data (13011). When the file system 10 ac- 
cepts the report on completion of writing the data from 
the cache disk 90, the file system 1 0 operates to report 
the completion of writing the data to the location man- 
agement unit 801 of the computer 151 (13012). 
[0084] In receipt of the report on completion of writing 
the data, the location management unit 801 operates to 
request the infomnation duplication unit 890 to duplicate 
the updated data "AAA" on the first location information 
(that indicates the data "AAA" resident in the cache disk 
90 of the computer 101) and the second location infor- 
mation (that indicates the data "AAA" resident in the disk 
array 201) of the conversion table 811 (14000). 
[0085] Fig. 1 4 shows the duplicating process execut- 
ed by the infomiation duplication unit 890. The informa- 
tion duplication unit 890 operates to Issue the read com- 
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mand to the cache disk 90 of the computer 102 where 
the data "AAA" has been already written (14001), read 
the data from the cache disk 90 (14002, 14003), issue 
the write command to the cache disk 90 of the computer 

101 and the disk array system 201 at a time (14004), 5 
and then write the data therein (14005, 14006, 14005', 
14006'). Upon completion of two write command, the in- 
fomnation duplication unit 890 operates to report the 
completion of the duplication to the location manage- 
ment unit 801 (14007). In this embodiment, the location 
duplication unit 890 Is associated with the fibre channel 
switch 501 and enables to duplicate one data in a plu- 
rality of storages at a time. If the infonnation duplication 
unit 890 enables to duplicate one data merely in one 
storage, the duplicating process is divided Into two proc- 
esses. In this case, it is presumed that the processing 
time is made longer. Hence, as the copying targets are 
increased in number, the duplicating process is made 
more disadvantageous. In this embodiment, it is prefer- 
able to use the infonmation duplication unit 890 that en- 
ables to duplicate the data in a plurality of storages. 
[0086] Retuming to Fig. 13, in receipt of the report on 
completion of the duplication from the infonnation dupli- 
cation unit 890, the location management unit 801 op- 
erates to write the final update date and time In the file 
history (13014), and set the write bit to "0" (13015), and 
completes the write (13016, 13017, 13018). 
[0087] I n the system according to the second embod- 
iment, since the disk cache Is provided in the host com- 
puter, the data that has been just written on the host 
computer is allowed to be temporarily held. IHence, the 
access becomes fast. The location management unit 
operates to select the storage with a few access fre- 
quency from the operation ratio measurement unit pro- 
vided In each storage and then save the data in two or 
more places. It means that the data is not lost if the host 
computer is stopped. 

[0088] In turn, the description will be oriented to the 
third embodiment of the invention (that is the method of 
billing the saved data In the storage provider). 
[0089] Fig. 1 shows a system configuration according 
to the third embodiment. In the third embodiment, a plu- 
rality of clients 70 are connected with the Ethernet 61 . 
The computers 1 01 and 1 02 are served as a file server 
for accepting the request for writing and reading the data 
from these clients 70. In this embodiment, the descrip- 
tion has been expanded on the connection with the cli- 
ents 70 through the Ethernet 61 . In place, the present 
Invention may be Implemented without using this con- 
necting means. 

[0090] In this embodiment, the description has been 
expanded on the installation of the computers 101 and 

102 on the side of the storage service provider Of 
course, the computers 101 and 102 may be installed in 
the sales offices and the branches, if the computer 102 
is spaced from the fibre channel switch 501 by 1 0 km or 
longer, as illustrated in Fig. 1 , the computer 102 is con- 
nected with the fibre channel switch 501 through an ex- 



tender 52 and the AJhA (Asynchronous Transfer Mode) 
51 . In place of the ATM, another connecting means may 
be used. 

[0091] Next, the prompting method will be described 
below. The clients 70 are the temiinals prepared in the 
sales offices and the branches. The user sends out the 
data to be saved to the computer 101 or 102 through 
the Ethernet 61. In this case, how the data Is saved Is 
specified (the way of saving to be specified for each data 
is called a data policy). This data holds true to the control 
information described in the first embodiment. The user 
would like to save the data with a high access frequency 
In a fast-access storage or save the data with a low ac- 
cess frequency in an inexpensive storage with a slow 
access perfomnance. Further, as to the important data, 
the user also would like to duplicate and save the data 
in a storage located in a remote place where the data is 
never lost by something like a disaster even if this is 
more costly. 

[0092] Next, the billing will be described below. In the 
system according to this embodiment, the preserved da- 
ta is billed on the basis of the saving cost per a volume 
unit preserved In the attribute preservation unit 80 locat- 
ed for each storage and the data length, the file history 
and the location information preserved in the conversion 
table 811 of the location management infomiation. For 
example, in a case that the data "AAA" is held in the disk 
array systems 201 and 202 for ten days, the data "AAA" 
is moved to the disk array system 203 and saved therein 
for ten days, then, the data is moved to the library sys- 
tem 301 and saved therein for ten days, the data pre- 
serving cost of 30 days may be derived by the following 
expression. 

Data preserving cost = {(preserving cost 10 

of RAID0)x10daysx2 
-I- (preserving cost 15 of RAID5) x 10 days 
-f- (preserving cost 1 of the library) x 1 0 
days} X data length 

wherein the doubled preserving cost of the RAIDO re- 
flects the doubled preservation of the data in two disk 
arrays. The location management unit 801 operates to 
calculate the cost of all the data for each month and then 
bill the user for it. After calculating the cost, the location 
management unit 801 operates to erase the infonnation 
on the movement and the duplication of the data from 
the file history. The information required for calculating 
the cost is included in the first and the second embodi- 
ments. 

[0093] As another example, in a case that the data 
"BBB" is preserved in two DVD-RAM mediums for thirty 
days and is cached in the disk array system 201 for three 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 



EP 1 274 010 A2 



22 



days because It is referenced once, the data 5 preserv- 
ing cost of 30 days may be derived by the following ex- 
pression. 

Data preserving cost = {preserving cost 10 of 
RAIDO} X 3 days + (preserving cost 1 of the library) x 
30 days x 2} x data length 

[0094] For calculating the data cost for each user, the 
WWN is used. For example, in a case that the user A 
saves the data through the computer 1 01 and the user 
B saves the data through the host computer 102, the 
host computers 102 and 102 have their respective 
WWNs, so that if the conversion table 811 is retrieved 
using the WWN of the target host computer, the total 
data preserving cost of the user who uses the host com- 
puter can be calculated. 

[0095] Then , the adaptation of the global policy will be 
described below. As mentioned above, the system of 
this embodiment enables to easily calculate the cost per 
a data unit, if the user specifies the data preserving cost 
for each month, the data is required to be moved for 
meeting the cost. Of course, as the data amount is made 
larger, the perfomnance is sacrificed more. 
[0096] This specification is called a global policy 
against the data policy. The global policy that has prec- 
edence over the perfomriance rather than the cost may 
be considered. The data policy or the global policy may 
be specified as a precedence. If the precedence is given 
to the data policy and the data preserving cost (global 
policy) specified by the user cannot be met, the fact is 
reported to the user. Normally, the setting of the global 
policy is notified from the user-side client 70 to the com- 
puter 151 through the host computer 101 or 102. In 
place, the administrator on the side of the storage serv- 
ice provider enables to set the global policy to the com- 
puter 151 on the basis of the setting reference of the 
global policy to be exchanged between the user and the 
storage service provider through a document. 
[0097] In the system according to the third embodi- 
ment, the data requested by the user to be preserved 
may be managed in location more fine on the basis of 
the control Infomiatlon specified by the user and through 
the attribute preservation unit, the location management 
unit and the Information duplication unit. This makes it 
possible to associate the cost taken in preserving the 
data with the activity and the reliability of the data and 
thereby for the user to allocate the high preserving cost 
to the data for requiring the high activity and reliability 
and the low preserving cost to the data of the low activity 
and reliability. In general, though the data requiring the 
high activity is small in amount, the system of this em- 
bodiment enables to associate the activity and the reli- 
ability of the data with the cost, thereby allowing the user 
to reduce the data presenting cost as a whole. 



[0098] As described above, according to the inven- 
tion, the location management unit operates to move the 
data and reproduce the data on the basis of the opera- 
tion ratio of the storage, the access frequency of the da- 

s ta, the control Information, and the billing Information, 
thereby making it possible to perfomi the data saving In 
con'espondence with the performance, the reliability, the 
preservation, and the cost. Further, by concentratively 
managing the locations of the data resident in a plurality 

10 of computers and a plurality of storages, it is not neces- 
sary to notify each computer of the movement of the da- 
ta. Further, since the Infomnation duplication unit ena- 
bles to duplicate a plurality of data units at a time, even 
if the number of computers are large, ft is possible to 

IS reduce the time taken In reproduction. 



Claims 



20 1. An Infonnation processing system comprising: 



a plurality of storages (201 , 202, 203) for stor- 
ing information; 

one or more controllers (101, 102) for writing 
infonnation In or reading information from said 
storages; 

location management means (801) for locating 
a location of infomiation stored in said storag- 
es; 

infomnation duplication means (890) for dupli- 
cating infomnation between said storages; 
attribute preservation means (80) for preserv- 
ing attribute control representing an attribute of 
each of said storages; and 
wherein in a case said controllers (101, 102) 
write information in said storages or read infor- 
mation from said storages, said controllers 
(1 01 , 1 02) perfomn the writing or reading proc- 
ess on the basis of the location infomiation in- 
dicated by said location management means 
(801); and 

wherein said location management means 
(801) manages the location of the infonnation 
to be written in said storages by said controllers 
or the written infonnation. 
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An Infomnation processing system as claimed in 
claim 1 , wherein said attribute preservation means 
(80) Is located in each of said storages (201 , 202, 
203). 



3. An infomnation processing system as claimed In 
claim 1 , wherein said location management means 
(801) enables to preserve two or more information 

55 locations corresponding to the infonnation identifi- 
ers referenced by said controllers (101 , 102). 

4. An infonnation processing system as claimed in 
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claim 1 further comprising operation ratio measur- 
ing means (82) for measuring an operation of each 
of said storages (201, 202, 203) and in which said 
location management means (801) operates to 
manage the location of the infonnation to be written 
on said storages by said controllers or the written 
information on the basis of the operation ratio of 
said storage held in said operation ratio measuring 
means. 

5. An information processing system as claimed in 
claim 1 further comprising an operation ratio meas- 
urement unit (82) for measuring an operation ratio 
of each of said storages and in which said location 
management means (801 ) operates to manage the 
location of the infonnation to be read from said stor- 
age by said controller 

6. An infonnation processing system as claimed in 
claim 1 , in which said location management means 
(801 ) holds the access frequency of the information 
corresponding to the infonnation identifier to be ref- 
erenced by said controller and duplicates or moves 
said information by using said information duplica- 
tion means (890). 

7. An infonnation processing system as claimed in 
claim 6, in which said location management means 
(801) holds the control infonnation for controlling 
duplication or movement of the infonnation corre- 
sponding to the information identifier to be refer- 
enced by said controller and duplicates or moves 
the infonnation by using the control infonnation set 
by said controller in addition to the access frequen- 
cy of said Infonnation. 

8. An infonnation processing system as claimed in 
claim 7 further comprising control Infonnation pres- 
ervation means (151) for holding the control infor- 
mation associated with each of said storages, and 
in which unless said controller sets the control in- 
fonnation, the control infonnation set In said control 
Infonnation preservation means Is used for the con- 
trol Infonnation of the target infonnation and said 
location management means duplicates or moves 
the target infonnation by using the control informa- 
tion set by said control Information preservation 
means in addition to the access frequency. 

9. An infonnation processing system as claimed in 
claim 1 , wherein said location management means 
(801) holds the moving and the duplicating histories 
of the target information corresponding to the infor- 
mation identifier. 

10. An information processing system as claimed in 
claim 1 , wherein said attribute preservation means 
(80) holds the price infonnation on the cost taken in 



preserving the infonnation. 

11 . An information processing system as claim in claim 
1 0, wherein the location management means (801 ) 
5 duplicates or moves the information by using said 
price infonnation in addition to the access frequen- 
cy and the control infonnation set by said control 
Infonnation preservation means. 

10 12. An Infonnation processing system as claimed In 
claim 1 , wherein said location management means 
(801) holds a group identifier of the target informa- 
tion corresponding to an information identifier refer- 
enced by said controller and duplicates or moves 

15 the Information by using said group identifier. 

13. An infonnation processing system as claimed in 
claim 1 , wherein said controller provides informa- 
tion acceptance means for accepting the informa- 

20 tion to be transfen^ed by said information duplication 
means (89) and memory means (90) for storing the 
accepted information. 

14. An infonnation processing system as claimed in 
25 claim 1 , wherein said infonnation duplication means 

(890) duplicates one piece of Infonnation from a re- 
producing source into a plurality of target areas. 

1 5. A method for providing a storage area, for providing 
30 each of users with the storage area of a storage, 

comprising the steps of: 

accepting data to be saved and control infor- 
mation for specifying how the data is saved 
35 from the user through a networt<; and 

saving said data in a storage having an attribute 
corresponding to said control information. 

16. A method for providing a storage area, for providing 
40 each of users with a storage area of a storage, com- 
prising the steps of: 

accepting data to be saved and control infor- 
mation for specifying how said data is saved 

45 from the user through the network; 

saving said data in a storage having an attribute 
corresponding said controi-infomriatlon; and 
billing said user according to the preserving 
price per a unit volume of said storage for sav- 

50 ing said data and a period when said data is 

saved. 
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